INTRODUCTION
The next generation of commercial airliners is likely to be powered by an advanced turboprop that offers the promise of considerable fuel savings while still allowing for a cruise speed similar to that of current turbofan aircraft. Advanced counterrotation propel lers may offer from 8 to 10 percent additional fuel savings over similar single-rotation propellers at cruise conditions (ref. 1 ) .
However, there is considerable concern about the potential noise generated by such aircraft, which includes both in-flight cabin noise and community noise during takeoff and landing. More noise sources are present in counterrotation propellers than in single-rotation propellers. The aerodynamic interaction of the two rotors results in unsteady blade loading, which in turn radiates to the far field as interaction tones. These interaction tones are a major contributor to the noise of counterrotation propellers. Blade surface pressure measurements could provide a better understanding of rotor interactions. counterrotation propellers.
Little or no measurements of unsteady blade pressures are available for
In this exploratory investigation a limited number o f unsteady blade surface pressure measurements were made on both rotors of a model counterrotation propeller. Emphasis was placed on determining the effects of rotor-rotor interactions on the blade surface pressures. In order to accomplish this, a unique method of processing the pressure signals was developed that enabled the waveforms t o be s e p a r a t e d from t h e t o t a l s i g n a l . T h i s paper p r e s e n t s d a t a for a model c o u n t e r r o t a t i o n p r o p e l l e r t h a t was t e s t e d i n t h e NASA Lewis 9-by 15-Foot Anechoic Wind Tunnel. The t e s t r e s u l t s a r e f o r Mach 0.20, which i s r e p r e s e n t a t i v e o f t a k e o f f and l a n d i n g o p e r a t i o n . The t e s t p r o p e l l e r ( d e s i gn a t e d F7/A3) had 1 1 f o r w a r d and 9 a f t b l a d e s . The a f t p r o p e l l e r had a s m a l l e r diameter t h a n t h e f o r w a r d p r o p e l l e r t o reduce i t s i n t e r a c t The p r o p e l l e r was t e s t e d a t t h r e e r o t o r spacings a t f i x e d b l a d e s e t t i n g angles t o i n v e s t i g a t e s p a c i n g e f f e c t s and a t t h e maximum b l a d e row s p a c i n g a t h i g h e r b l a d e s e t t i n g a n g l e s t o i n v e s t i g a t e l o a d i n g e f f e c t s . were designed t o r u n a t t h e same speed, b u t t h e y were o p e r a t e d a t a b o u t 100-rpm d i f f e r e n c e t o r e l i e v e t h e h i g h e r t e s t r i g s t r e s s e x p e r i e n c e d w i t h n e a r l y equal r o t a t i o n a l speeds.
The maximum a i r -The f r o n t p r o p e l l e r (F7) i s 62.2 cm (24.5 i n . ) i n d i a m e t e r , b u t t h e a f t p r o p e l l e r ' s d i a m e t e r was reduced t o i n v e s t i g a t e expected a c o u s t i c b e n e f i t s a s s o c i a t e d w i t h a v o i d i n g t h e impingement o f t h e upstream p r o p e l l e r ' s t i p v o r t e x wake on t h e downstream p r o p e l l e r . The model p r o p e l l e r was r u n i n t h e 1 1 x 9 b l a d e c o n f i g u r a t i o n , w i t h b l a d e s e t t i n g a n g l e s f o r e s s e n t i a l l y equal t o r q u e between t h e two b l a d e rows. T h i s a l s o r e s u l t e d i n a n e a r l y equal t h r u s t s p l i t f o r t h e t e s t c o n d i t i o n s . Table I a The p r o p e l l e r was t e s t e d a t a f o r w a r d b l a d e s e t t i n g a n g l e o f 36.4" (measured a t 0 . 7 5 r a d i u s ) and an a f t b l a d e s e t t i n g a n g l e o f 43.5" a t t h r e e b l a d e row s p a c i n g s . The prop e l l e r was a l s o t e s t e d a t h i h e r b l a d e s e t t i n g a n g l e s o f 41.1" and 46.4" a t t h e maximum b l a d e row s p a c i n g . h e r e i s some q u e s t i o n as t o which b l a d e s e t t i n g angles and t i p speeds s h o u l d be chosen t o m i n i m i z e n o i s e w h i l e p r o v i d i n g t h e necessary t a k e o f f t h r u s t . H gher b l a d e s e t t i n g a n g l e s w i t h a c o r r e s p o n d i n g r e d u c t i o n i n r o t a t i o n a l speed ( t o m a i n t a i n t h e same t h r u s t ) may l o w e r t h e prop e l l e r n o i s e . T h i s would suggest t h a t t h e more h i g h l y loaded b l a d e a n g l e may be more t y p i c a l o f d e s i r e d f u l l -s c a l e o p e r a t i o n . The b l a d e row s p a c i n g i s p r esented i n terms o f t h e p h y s i c a l a x i a l spacing between t h e upstream and downstream b l a d e p i t c h change axes. F i g u r e 2 shows p l a n views o f t h e F7lA3 and F7lA7 b l a d i n g . The A7 b l a d e s were t h e o r i g i n a l f u l l -d i a m e t e r b l a d e s designed t o go w i t h t h e F7 b l a d e s . Note t h a t t h e s m a l l e r -d i a m e t e r A3 b l a d e has a c o r r e s p o n d i n g c h o r d i n c r e a s e so t h a t i t can m a i n t a i n t h e same t h r u s t as t h e A7 b l a d e ( a t t h e same r o t a t i o n a l speed b u t w i t h a h i g h e r A3 b l a d e s e t t i n g a n g l e ) . Since t h e p r i m a r y concern i n t h i s i n v e s t i 
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g a t i o n was t h e i n t e r a c t i o n o f t h e r o t o r s , a method was developed t o average t h e p r e s s u r e s i g n a l s i n t h e t i m e domain synchronous t o t h e i n t e r a c t i o n f r e q u e n c y . T h i s was done t o g r e a t l y reduce a l l s i g n a l s t h a t were n o t c o h e r e n t t o t h e i n t e r a c t i o n f r e q u e n c y . Witho u t t h i s p r o c e s s i n g i t would n o t have been p o s s i b l e t o a c c u r a t e l y v i e w t h e
s ) , t h e t i m e ensembles were formed synchronous t o t h e r o t o r i n t e r a c t i o n . T h i s was done by c a l c u l a t i n g t h e a z i m u t h a l a n g l e o f b l a d e 1 on b o t h rotors. For e v e r y d a t a sample t h e a z i m u t h a l a n g l e was known when a d a t a sample c o n t a i n e d t h e o n c e -p e r -r e v o l u t i o n p u l s e . The a n g l e f o r subsequent Samp l e s was determined by a known r o t a t i o n a l speed and sample r a t e and t h e number o f samples s i n c e t h e p u l s e was l a s t d e t e c t e d . When t h e a z i m u t h a l a n g l e s o f b o t h blades w e r e e q u a l , t h e i n t e r a c t i o n p e r i o d was s t a r t e d . T h i s p o i n t i n t i m e was used t o s y n c h r o n i z e t h e t i m e ensembles and t h e i n t e r a c t i o n s w i t h i n t h e
) shows a v e r y l a r g e i n c r e a s e i n BPO l e v e l f o r t h e h i g h e r b l a d e s e t t i n g a n g l e s . About t h e o n l y unusual f e a t u r e a t t h i s l o c a t i o n i s a decrease i n l e v e l a t 90-percent speed f o r t h e h i g h b l a d e s e t t i n g a n g l e s . The s u c t i o n -s u r f a c e BMT f o r t h e a f t r o t o r had a more c o m p l i c a t e d b e h a v i o r , as shown i n f i g u r e 12(a). For most o f t h e speed range t h e h i g h e r b l a d e s e t t i n g a n g l e c o n f i g u r a t i o n had h i g h e r BPO p r e s s u r e l e v e l s , b u t s l i g h t l y above 85-percent speed t h i s t r e n d r e v e r s e d . The p r e s s u r e -s u r f a c e BMT f o r t h e a f t r o t o r had h i g h e r BPO l e v e l s a t t h e h i g h e r b l a d
e s e t t i n g a n g l e s f o r a l l speeds, as shown i n f i g u r e 1 2 ( b ) . Between 85and 90-percent speed a v e r y l a r g e i n c r e a s e f o r t h e h i g h e r b l a d e s e t t i n g angles was observed. 
Note t h a t changes i n BPO l e v e l s can r e s u l t from changes i n t h e unsteady p r e s s u r e response o f t h e b l a d e s as a f u n c t i o n o f reduced f r e q u e n c y or l o c a l flow phenomena such as a leading-edge v o r t e x . S nce t h e r e i s no guarantee of l i n e a r p r e s s u r e response t o i n f l o w c o n d i t i o n s or c o n s t a n t response w i t h f r equency, these d a t a p r o v i d e o n l y a q u a l i t a t i v e gu de t o t h e i n f l o w c o n d i t i o n s of
m u t h a l a n g l e used i n t h i s f i g u r e was t h a t o f t h e f o r w a r d r o t o r , w i t h z e r o a t t h e t o p o f t h e t u n n e l and t h e p o s i t i v e a n g l e i n t h e d i r e c t i o n o f r o t a t i o n . S i n c e t h e a f t r o t o r r o t a t e d i n t h e oppos i t e d i r e c t i o n , i t was p l o t t e d from r i g h t t o l e f t (360" t o 0 " ) so as t o be cons i s t e n t w i t h t h e f o r w a r d r o t o r ' s a z i m u t h a l a n g l e s c a l e . When t h e p r o p e l l e r was a t p o s i t i v e yaw a n g l e s t o t h e f l o w ( t o t h e l e f t i n f i g . l )
, a n e a r l y s i n u s o i d a l v a r i a t i o n o f t h e i n s t a n t a n e o u s b l a d e a n g l a z i m u t h a l a n g l e o f 180". Thus, i t would appear t h a t t h e p r e s s u r e was l e a d i n g t h e b l a d e a n g l e o f a t t a c k by a s u b s t a n t i a l amount ( 8 7 " ) . Since t h i s i s n o t l i k e l y , t h e f o r w a r d r o t o r must be r e s p o n s i b l e f o r a s i g n i f i c a n t change i n t h e l o c a t i o n ( a z i m u t h a l a n g l e ) o f maximum l o a d i n g on t h e a f t 5. The i n t e r a c t i o n s t r e n g t h s g e n e r a l l y i n c r e a s e d a t t h e h i g h e r b l a d e s e tt i n g a n g l e s . CNomi n a l .
dMaximum. 
